SUMMARY: Scientific observer records were used to estimate the retained and discarded catch composition of the commercial boat seine fisheries over Posidonia oceanica (Linnaeus) Delile meadows in the eastern Adriatic, from November 2008 to December 2009. A total of 91 fish and cephalopod species were recorded in the catches, of which 20 species were always retained, 40 were always discarded and the remaining 31 were selected depending on size (only larger specimens were retained). The most abundant species in the retained catch were Spicara smaris, Atherina hepsetus and Mullus barbatus, while Chromis chromis, Symphodus ocellatus and small specimens of Boops boops dominated the discards. An estimated 43.5% by number and 28.5% by weight of the total catch were discarded. Since the minimum landing size (MLS) is regulated for only 4 out of the 15 most important species in this study, and even these regulations are only partially followed, discarding practices were generally market-driven. The retained and discarded amounts of the catch as well as the numbers of retained and discarded species showed a seasonal pattern. The catches recorded during summer/autumn were generally larger than those in winter/spring. High rates of immature specimens were observed for the most important species, which is probably related to the role of Posidonia beds as important nursery grounds.
INTRODUCTION
Discards represent a significant proportion of global marine catches and are generally considered to constitute waste or suboptimal use of fishery resources. There is little information on quantifying discards in small-scale and artisanal fisheries, since this is generally not considered to be a priority concern. Although most of these fisheries have been assumed to have a low or negligible discard rate, empirical information is scarce and it is clear that some discarding takes place (Kelleher, 2005) .
Beach seining is a traditional fishing method in Croatia, and its use has been reported as far back as the 11th century (Basioli, 1984) . With the introduction of the hydraulic winch, retrieving nets on the beach using manpower was gradually replaced by hauling nets onto the boats with mounted winches, transforming beach seining into a boat seining technique. However, boats are still only several meters away from the shore during hauling, and have thus maintained almost the same fishing areas as during historical beach seining. This technique is still used, and boat seining in the eastern Adriatic strongly resembles beach seining practices worldwide with respect to gear design and the nearshore fishing area.
The boat seine fishery is less common in the eastern Adriatic today, but still of considerable social and economic importance on an artisanal/small scale level (Cetinić et al., 2008) . The official number of issued licenses is over 800, but these figures largely overestimate the actual number of nets in use. According to Cetinić et al. (2008) approximately 150 nets are operated on a regular basis. The most important boat seine fishery in eastern Adriatic waters targets picarel, Spicara smaris, and is practiced in areas inhabited by this species, mainly sandy-muddy bottoms covered with Posidonia oceanica meadows (Bell and Harmelin-Vivien, 1983; Cetinić et al., 1999) . According to Bakran-Petricioli et al. (2006) , 55% of the area from 0 to 30 m of depth along the eastern Adriatic coast is covered with P. oceanica. This important habitat plays a multifunctional role within coastal systems, offering substrate for settlement, food availability and shelter, as well as recruitment and nursery areas for both juvenile and adult fish and invertebrates (Bell and Harmelin-Vivien, 1982; Orth et al., 1984; Garcia-Raso, 1990; Proccacini et al., 2003; Nakaoka, 2005) .
Compared to the well documented discarding practices in demersal otter trawling and Danish seine fisheries, there is very little information on the composition and level of discards in beach seine or nearshore boat seine fisheries. Most studies have been carried out in South African (Lamberth et al., 1994 (Lamberth et al., , 1995 Hutchings and Lamberth, 2002) and Australian waters (Gray et al., 2000 (Gray et al., , 2001 Gray and Kennelly, 2003; Broadhurst et al., 2008) , while studies in the Mediterranean have been conducted by Al-Sayes et al. (1981) , Akyol (2003) , Faltas (1997) , Katsanevakis et al., (2010) and Lefkaditou and Adamiou (1997) . Although concerning geographically distant areas, the above mentioned studies characterize beach seining and near-shore boat seining similarly with high discard rates containing juveniles of most of the primary target species. According to Cabral et al. (2003) and Clark et al. (1994) , the beach seine fishery produces large amounts of bycatch due to the low fishing gear selectivity. Discard amounts are high because bycatch usually consists of low-value species or species that cannot be marketed due to legal constraints.
In view of European Union regulations, which prohibit the use of towed gears on seagrass beds unless management plans are established for that fishery (Council Regulation 1967 /2006 , and emphasize monitoring and scientific investigations into these activities, a better understanding of the present boat seining practices on P. oceanica beds is necessary. Croatian fisheries are currently in the process of harmonization with the EU regulations. Parts of the Council Regulation 1967/2006 regarding the prohibition of fishing activities on seagrass beds have already been adopted in the national legislation, although they are still not enforced. The management plan regarding this fishery has not yet been submitted to the European Council, and a temporary exemption from the above mentioned prohibitions or transitional period will probably be requested. This study aims to describe the discard levels, as well as the composition of the retained catch and discards of the boat seine fishery on Posidonia beds. We also provide data on the proportion of juveniles in the catches of the most important species, which are necessary for evaluating the impact of boat seining on the coastal fish communities.
MATERIALS AND METHODS

Sampling
This study was carried out on two commercial fishing boats operating off the eastern Adriatic coast (north-central Mediterranean Sea) from November 2008 to December 2009 (Fig. 1 ). According to Croatian legislation the boat seine fishery targeting S. smaris is prohibited from sunset to sunrise and from 1 May to 30 September. However, our research was conducted all year-round in order to obtain more comprehensive data on the boat seine fishery and to allow comparisons with similar fishing practices throughout the world in all four seasons. The sampling locations were in traditional fishing grounds covered with Posidonia meadows down to 35 m deep. The fishing regulations regarding gear design were followed, that is, restrictions on minimum cod-end mesh size (24 mm) and maximum length of hauling ropes (500 m at each wing). The boat seines used were approximately 250 m long (headline length), 20 m high at the bunt (only the central bunt is used), and 2 m high at the wing ends.
The fishing technique uses two boats, a larger vessel of 10.0 to 10.5 m overall length and a smaller boat of 5.5 to 6.0 m. The fishing operation starts when the smaller boat carrying one end of the first hauling rope fastens to the shore (several meters of the rope are used to fasten the boat to any shore object with a ring or small anchor), and the larger boat sets out the required length of the first hauling rope, followed by the net and the second hauling rope in a semicircular shape, ending its operation by fastening the rope to the shore in similar way. At this point the distance between the boats is usually between 300 and 500 m according to the fishing location. After the net is set, each boat hauls one rope with a small hydraulic winch. Boats periodically stop hauling, unfasten from the shore, steer towards one another, fasten to the shore again and resume hauling. In this way the distance between the boats is gradually reduced, drawing the wing ends closer as the net approaches the shore. When the all of the ropes have been hauled in, the boats are side by side and the net is pulled up onto the larger vessel. During the whole hauling operation the boats are less than 4-5 m from the shore, and the depth at the final net retrieving location usually doesn't exceed 2-3 m.
Data were collected by scientific observers accompanying boat seine crews on four to six fishing trips per season, and during each trip two to four hauls were analyzed (usually five to seven hauls are carried out in one fishing day). A total of 45 hauls were sampled, of which 8 were in spring, 9 in summer, and 14 in autumn and winter alike. The mean haul duration was 50 minutes. Since the boat seines used in the sampling had similar characteristics, as well as the fishing operation, duration and area surveyed in each haul, we used one haul as the unit of effort. Depending on the amount of catches, the entire catch was analyzed, or a random sample was taken prior to sorting, and data were scaled accordingly. The sample size varied between 20 and 25% of the total catch. In both cases, sorting into the retained and discarded components was conducted by the crewmembers and afterwards analyzed by the observers. The retained catch consisted in the target species (S. smaris) and commercially valuable non-target species. Discard refers to the part of the catch thrown overboard, which consisted of undersized or damaged specimens of the commercially valuable non-target species and of non-commercial species. In this study, plants and invertebrates (except cephalopods) were not accounted for discards due to their very low recorded catches.
For each species the total number of individuals and total weight of both the retained and discarded catches were recorded. Whenever possible the length of each specimen was measured, but due to the time constraints we used subsamples of approximately one hundred individuals for the most abundant species in each haul. The total length was recorded for fish species and mantle length for cephalopods. All weights were measured to the nearest 1 g, and lengths to the nearest 1 cm.
In order to estimate the proportion of immature fish in the catches the length frequencies of the 15 most abundant species were compared with the length at first maturity taken from the literature and the minimum landing size (MLS) taken from Croatian legislation. Out of these 15 species, eight are hermaphrodites and in order to assess both sexes, a higher length at first maturity (whether male or female length) was used to separate the immature from the mature specimens.
Data analysis
Variations in the number of species, number of individuals and biomass per haul (CPUE) of both the retained and discarded catches between seasons were tested using one-way analysis of variance (ANOVA). The statistical assumptions of the analysis of variance were tested using Kolmogorov-Smirnov's test of normality and Levene's test of homogeneity of variances, and when necessary data were log-transformed. The differences in discard rates (discarded proportions of the total catch) between seasons were evaluated by a Kruskal-Wallis test. Relationships between discarded catch per haul and total catch per haul (total catch = retained + discarded catch), and also between discard rates and total catch per haul were tested using the Spearman rank correlation (R s ). An alpha level of 0.05 was used for all statistical tests.
Numbers of individuals and biomass of all the species recorded in each haul were employed to construct a Bray-Curtis similarity matrix using the PRIMER 5 multivariate statistical package (v. 5.2.9; PRIMER-E Ltd). Species which contributed less than 1% to the overall number of individuals or total biomass were excluded, and all values were double square root transformed and standardized prior to analysis. The resulting rank similarity matrix was subjected to non-metric multidimensional scaling (MDS) ordination, and subsequent one-way analysis of similarity (ANOSIM) to test whether the species composition of the retained catch and discards differed significantly between seasons. The similarity percentage (SIMPER) analysis was used to determine which species contributed most to any significant dissimilarities between seasons.
RESULTS
A total of 56303 individuals, representing 91 species (83 bony fish, 1 chondrichthyan and 7 cephalopods) weighing 1120.1 kg were caught during the present study. The most abundant species were S. smaris, Chromis chromis and Boops boops, as they accounted for 68% of the total number and 55% of the total weight, and had mean catches per haul (catch per unit effort) of 7.9, 7.0 and 4.7 kg respectively. The fourth largest catch per haul was recorded for Trachurus trachurus (2.2 kg), but this species occurred in only 7 hauls so its abundance in the overall catch was low (2.1% of the number and 1.4% of the total weight). The majority of recorded species were caught in low abundance and 59 species were represented by less than 5 specimens per haul. S. smaris, B. boops, Symphodus ocellatus and Loligo vulgaris were most frequently caught, appearing in 39 to 41 of the 45 analyzed hauls. All cephalopods and 13 fish species were always retained, while 40 fish species were always discarded. Although they are commercial species, Sardina pilchardus and Engraulis encrasicolus were always discarded because of the excessive body damage that occurs during fishing due to the interaction with the net, more robust fish species, invertebrates or debris. Apart from the exclusively retained or discarded species, the remaining 31 fish species were retained or discarded depending on their size (Table 1) .
The overall mean catch per haul (±SD) in numbers was 1251.2 (±1504.1) and in weight was 24.9 kg (±25.2 kg). Of these amounts, 43.5% in numbers and 28.5% in weight were discarded, resulting in 319.2 kg of discards from a total catch of 1120.1 kg. A greater mean number of individuals and biomass per haul was retained than discarded in all seasons except spring, when the number of discarded specimens slightly predominated (Fig. 2) . However, a two-sample t-test only showed significant differences between the weight of the retained and discarded catch in autumn (t=3.01, P<0.006) and winter (t=4.46, P<0.0005). The mean number of species discarded was higher than the number of species that was retained in all four seasons, but differences were only significant in autumn (t=3.08, P<0.006) and winter (t=2.25, P<0.035).
The mean abundance of the retained catch per haul (CPUE) differed significantly between seasons, and was high during summer and autumn, and comparably low in winter and spring (Fig. 2) . The post-hoc Tukey test revealed that there are only significant differences in the number of individuals for summer vs winter, summer vs spring and autumn vs spring. The mean discard abundance per haul showed similar trends to the retained catch, as it was highest in summer and lowest in winter, with only significant differences in the number and biomass caught for winter vs summer and winter vs autumn (Tukey test). The numbers (Fig. 2) . The mean ratio of the retained to discarded number of species was 1:1.4. The Spearman rank correlation test showed strong statistically significant correlations between the discarded catch per haul and total catch per haul, regarding both the number of individuals (R s =0.767) and biomass caught (R s =0.719) (Fig. 3a) . However, the correlation between the discard rates and total catch per haul was not significant for either the numbers or biomass (Fig.  3b) . Differences in discard rates between seasons were not significant in terms of either the numbers (H=5.3, P>0.15) or weight (H=6.0, P>0.11).
The multivariate analysis (ANOSIM) based on the number of individuals indicated significant differences among all seasonal comparisons in the retained catch and discarded catch (P<0.01; for discards summer vs autumn P<0.05), except for winter vs spring and winter vs summer for the discarded catch, which were not sig- nificant. The largest differences were found between the winter and spring samples (R=0.54, P<0.0002), which occupied the left and right sides of the ordinal plot respectively (Fig. 4a) . The SIMPER analysis showed that the highest contribution to this dissimilarity came from the species S. smaris and Atherina hepsetus (characteristic of the winter period) and Diplodus vulgaris, Pagellus erythrinus and Mullus barbatus (characteristic of the spring period). When the discard structure was assessed, the overall differences between seasons were much less pronounced (Global R=0.162, P<0.0009) , and the largest differences were between the autumn and spring samples (R=0.396, P<0.0002) (Fig. 4b) . The SIMPER analysis showed that the species which contributed most to these differences were small specimens of B. boops and Coris julis (characteristic of the autumn period) and P. erythrinus (characteristic of the spring period). The size frequency distributions of the fifteen most abundant species are presented in Figure 5 , focussing on the retained and discarded part of the catch. C. julis, Zeus faber, Spicara maena, D. vulgaris, P. erythrinus, Symphodus tinca, Sarpa salpa and B. boops were both retained and discarded with discard rates ranging from 38 to 85%. S. smaris, A. hepsetus, L. vulgaris, M. barbatus and Mullus surmuletus were always retained, while S. ocellatus and C. chromis were always discarded (Fig. 6 ). For species regulated by minimum landing sizes (MLS), all retained D. vulgaris and P. erythrinus specimens were above MLS, but this wasn't the case for M. barbatus and M. surmuletus, which were retained regardless of length (Fig. 5) . Although there is no minimum landing size for the other mentioned species, they were usually classified according to length and larger specimens were generally retained. There was no strict length threshold to separate retained from discarded specimens of these species, and considerable overlapping was observed for all but S. salpa.The length range with data on length at first maturity and percentage of immature individuals are presented in Table 2 . The total catch of S. salpa consisted in immature specimens, and another seven species were represented with more than 50% of immature individuals. With the exception of M. barbatus (30%), the other species were below the 20% juveniles limit. The seasonal retained and discarded catch per haul for 12 species is presented in Table 3 , and the selected species are shown in Figure 7 . S. smaris showed strong seasonal changes, with the largest catches taken during summer and autumn. Similarly, the retained catch of both A. hepsetus and S. maena showed significant seasonality, with the largest catches taken in summer. S. ocellatus, S. tinca, M. barbatus and C. chromis had no significant seasonal patterns, although the last two species peaked in summer due to large catches of these species recorded in a single haul. The seasonality of T. trachurus catches couldn't be tested due to the low number of hauls in which this species occurred. S. pilchardus wasn't recorded in winter, and its catches were not significantly different between the remaining seasons. When the retained and discarded catch components were compared, larger numbers of individuals were discarded than retained in all seasons for B. boops, P. erythrinus, T. trachurus and S. tinca, while D. vulgaris and S. maena were exceptions from this only during autumn and summer respectively. 
DISCUSSION
Fish and cephalopod species caught during this research were typical for coastal areas and Posidonia habitats in the Adriatic (Jardas, 1996) . The catch composition that was observed showed that the boat seine fishery is both multispecies and non-selective. Although S. smaris is the only target species, specimens of another 51 species were occasionally or exclusively retained for sale. When combined, the catches of these non-target species generally exceed the total catch of S. smaris. The average proportion of S. smaris in the total catch weight was very low (28.7%), and in only one haul proportion of this species exceeded 70%. This percentage is the minimum proportion of a target species in the total catch weight required by national legislation; however, when this regulation is not met fisherman can keep the catch, and are only obliged to change where they fish. Besides S. smaris, the composition of the retained catch in our study was also dominated by B. boops, which is very similar to boat seine landings reported for Greece (Aegean and Ionian Sea), where these two species are the most important (Katsanevakis et al., 2010) . Many other species are also important to boat seine fisheries in both areas, for example L. vulgaris, S. maena, P. erythrinus and M. barbatus. Similarly to previous findings in the central eastern Adriatic (Cetinić et al., 1999 (Cetinić et al., , 2008 , chondrichthyan species were poorly represented in boat seine catches, with only a single species recorded (Raja miraletus). Chondrichthyans aren't typical of Posidonia meadows along the eastern Adriatic coast (Jardas, 1996) , which explains their low abundance in the catches as fishing was confined to this habitat during our research.
In general, catches showed strong seasonality, and most fish were caught in summer and autumn. Only a few species, like P. erythrinus and S. tinca, were more abundant in spring. The discarded amounts of the catch showed similar seasonal trends as the retained catch, with a high CPUE recorded in summer/autumn and low CPUE during winter/spring. This is expected and easily explained by the high correlation between the discarded and total catch per haul, as large catches lead to large discards and vice versa. Most studies reported seasonal variations with a summer peak in fish abundance (Modde and Ross, 1981; Ross et al., 1987; Lamberth et al., 1994) . These variations in the catches reflect the dynamic spatial and temporal nature of fish abundance, which, as Bennett (1989) stated, depends on latitude. Seasonal changes in individual species abundance in boat seine catches during this study can be easily related to their life history, mainly regarding their spawning period. The species which contributed most to this seasonal pattern, S. smaris and B. boops, spawn during the spring and summer months (Jardas, 1996) ; therefore, their recruitment may explain the high abundance in catches during the summer/autumn period. For a similar catch in weight, the number of S. smaris specimens in summer is much higher than in autumn, due to the presence of low weight recruits. In the case of B. boops, recruitment results in large amounts of discards during autumn, since this species is discarded according to size. Many common eastern Adriatic fish species, also caught during this study, spawn during spring and summer. Thus, the time of year in which the sea temperature is increasing coincides with the time when most recruitment takes place. High catches during the summer/autumn period were also recorded for other abundant species (C. chromis, S. ocellatus, M. barbatus), but these differences were not statistically significant, possibly due to large inherent variability in catch sizes. The largest catches of M. barbatus were taken during the summer when adult specimens move closer to the shore to spawn (Jardas, 1996) , and thus spawning occurs in boat seine fishing grounds. The observed decline in abundance of most species during the winter period is probably due to fish moving into deep water to avoid low temperatures.
In the overall survey, the mean discard rate was higher in terms of the number of individuals compared to weight due to the high numbers of low-weight juveniles in the discards. In contrast to the strong seasonality that characterized the numbers and weight discarded per haul, discard rates were not significantly different between seasons. Moreover, no significant correlation was found between discard rates and total catch per haul, which indicates that the discarded proportions are not influenced by either catch amount or season. However, the discard rate was clearly lower in winter and although the difference wasn't significant (P>0.11), further research is needed to clarify this issue.
The discard rates found in our study can be considered as relatively high, but the observed values are smaller than those of the beach seine fishery along the coasts of Portugal (Cabral et al., 2003) , Egypt (Faltas, 1997) and South Africa (Clark et al., 1994) . Although cod-end mesh size can effect boat seine discard rates (Grey et al., 2000 (Grey et al., , 2001 , with larger mesh resulting in less undersized specimens and consequently less discards, the comparison of our data with those of Clark et al. (1994) suggests that different factors may have an important influence on discard rates in different areas. These authors analyzed beach seines used in South African waters with a very large mesh size compared to those used in our study (44 to 90 mm vs 24 mm), but also found much higher discard rates. This emphasizes the importance of area-specific factors besides gear design on discarding practices, such as local market preferences, minimum legal fish landing sizes, temporal or spatial fishing closures (especially with respect to spawning time and area of the target species), the efficiency of enforcing legal regulations, effects of the tourist season, etc. In our study the main reasons for discarding were: i) lack of commercial value for some of the species caught (non-commercial species), ii) lack of market demand for small specimens of some commercial species, and iii) poor body condition due to damage inflicted during fishing.
As reported for similar fisheries in Australia (Gray et al., 2001) and South Africa (Lamberth et al., 1994 (Lamberth et al., , 1995 , discards sampled in our study contained juveniles of all commercially important species. For example, the total catch of S. salpa consisted entirely of immature specimens, and there were another 7 out of the 14 most important species represented by more than 50% immature individuals. These high rates are probably because Posidonia beds are important nursery areas. Since sorting of the catch takes place at least 15 minutes after hauling it on deck, most juveniles are returned to the sea already dead. Even when some specimens (usually juveniles of high valued species) were returned immediately, the sea birds following the fishing vessel diminished their chance of survival. This results in a negligible survival rate of discarded fish, and thus high juvenile mortality. A low survival rate was also found for beach seining along the Portuguese coast, where discards are left on the sand for a long time, usually above the intertidal area (Cabral et al., 2003) .
The minimum landing size is regulated for only 4 of the 15 most abundant species in the catches, and even these are just partially followed by the fishermen. All retained D. vulgaris and P. erythrinus specimens were above MLS; however, this wasn't the case for M. barbatus and M. surmuletus, which were retained regardless of length, since smaller specimens are also valued and can be sold or used for personal consumption. This is characteristic of the Mediterranean in general, where there is a market for small sized specimens of many species, and the many and dispersed landing points make the MLS difficult to enforce (Kelleher, 2005) . Although MLS wasn't followed for two Mullus species, most of the catch consisted of mature individuals. In contrast, these species in the western Mediterranean are intensively exploited by trawls and the bulk of the catches consists in immature individuals recently recruited to the fishery (Martin et al., 1999) . Other commercial fish species were retained or discarded mainly according to size, which is closely related to their market value and consumer preferences. These species were not classified as retained or discarded according to a precise length, but rather this depended on the individual judgement of the fisherman; therefore, considerable overlapping was observed for all important species except S. salpa.
Although evaluating the physical impact of boat seining on Posidonia beds wasn't the aim of this study, some general observations were made. The most obvious was the absence of leaves or rhizomes inside the cod-end, although they could sometimes be observed in low quantities tangled in the leadline. A single underwater observation didn't reveal noticeable cutting of the leaves or uprooting of the rhizomes (personal observation), but this must be considered as a subjective remark since no scientific examination method was used. This observation is in accordance with Lamberth et al. (1995) , who reported that beach seine netting does not have a significant effect on the benthic floor and invertebrate species.
Nowadays, discarding is one of the most important problems of fisheries worldwide. The impact of discarding practices on fish stocks and the marine environment has direct and indirect effects on the population, community, and ecosystem levels that are still largely unknown. At present, the EU Data Collection Framework includes monitoring of discards, but data for the eastern Adriatic are still very scarce. Although we provided information on discard rates in the most common boat seining practice in this area, the total amount of discards is impossible to estimate due to the lack of official landing records. Therefore, it is urgent to improve the existing statistical data in order to provide reliable information and improve fisheries management. Besides estimating the discards, our results provide an insight into the impact of boat seining on seagrass beds, which are a valuable marine habitat. This is especially important in the Mediterranean, where Posidonia beds play a fundamental role in the health and productivity of marine ecosystems.
